Objective: Whole body vibration has been studied in populations experiencing neuromuscular degradation, including the elderly and individuals with neurological disorders, but methodological standardization is required to clarify its therapeutic effects. The characteristics of the vibrations actually delivered by commercial platforms are rarely measured or reported. Our objective was to quantify the vibrations (frequency, amplitude and peak acceleration) produced by several commercial platforms across different settings. Methods: Laser and accelerometer recordings were used to measure the vibrations of 7 vibration platforms. Four loads (0 kg, 45 kg, 68 kg, 91 kg) and 3 vibration frequencies were used (30 Hz, 40 Hz, 50 Hz), totaling 12 combinations. Results: In all platforms, vibration amplitude and peak acceleration varied as a function of the load used (p < 0.001 in all cases). In most platforms, the actual frequency of vibration differed from the intended frequency (actual/intended ratio ranging from 0.83 to 1.19), as a function of load and frequency. These results imply that subjects of different weights could be receiving different vibrations. Conclusion: Investigators should characterize and report the vibrations actually delivered in their studies, in order to increase the quality of evidence in whole body vibration studies.
IntRoductIon
Whole body vibration (WBV) has been proposed as an intervention with potential benefits (i.e., strength, endurance, power, bone mass) for several clinical populations, including individuals with spinal cord injury (1), multiple sclerosis (2), Parkinson's disease (3) , and the elderly (4, 5) . there is mounting evidence that WBV can help combat various aspects of musculoskeletal degradation, including muscle atrophy (5) and osteoporosis (6) . the amplitude and frequency of the applied vibration are known to affect the efficacy of the intervention and the potential for adverse events. For example, the frequency of vibration can modulate physiological variables including activation (7) (8) (9) , blood flow (1) or standing balance (4), but poorly chosen frequencies can result in motion sickness or muscle damage (6, 10) . However, studies evaluating WBV employ a wide range of different vibration parameters and vibration platforms (7) (8) (9) (10) (11) (12) , and this lack of standardization is impeding the scientific community's ability to arrive at a consensus regarding the therapeutic effects of WBV. one obstacle is that the characteristics of the vibration delivered by commercial platforms, as opposed to the intended WBV parameters, are poorly characterized and often not reported. Indeed, if the manufacturer specifications do not provide an accurate reflection of the vibrations actually being delivered to study subjects, then the onus must be on investigators to characterize and report the nature of these vibrations, in order for meaningful comparisons to be possible across different studies. In this study, we investigated the hypothesis that the actual output of most commercial vibration platforms exhibits variability around the desired output, in a manner dependent on the load and desired output. In order to be suitable for wellcontrolled research studies, a vibration platform should produce the same amplitude of vibration regardless of the load placed on it (i.e., the weight of the subject) and/or regardless of the selected frequency of vibration. In addition, the actual frequency of vibration should match the value specified by the user on the device's dial, regardless of the weight on the platform. MEtHods testing was conducted on 7 different vibration platforms on the same day. the platforms used were the Juvent (Juvent Medical, Inc., somerset, nJ, usA), the Power Plate (Power Plate International Ltd., London, uK), the VForce (dynatronics corporation, usA), the VibePlate (VibePlate, Lincoln, NE, USA), the Wave Airflex (WAVE Manufacturing Inc., Windsor, on, canada), the Wave ProElite (WAVE Manufacturing Inc., Windsor, on, canada), and a custom Wave device (WAVE Manufacturing Inc., Windsor, on, canada) in use by our group that provided more control over the vibration parameters and used a different motor than the other Wave devices to produce the vibrations. the Juvent and Vibeplate used a vertical mechanism to generate the VARIABILIty oF VIBRAtIons PRoducEd By coMMERcIAL WHoLEBody VIBRAtIon PLAtFoRMs vibrations whereas the other platforms used a rotational mechanism. this choice of platforms was a convenience sample of devices with a commercial presence in the WBV market at the time of data collection. For each device, 3 different vibration frequencies were used (30 Hz, 40 Hz, and 50 Hz), in combination with 4 different passive loads (0 kg, 45 kg, 68 kg, and 91 kg weights attached to the platform using straps), for a total of 12 combinations of vibration parameters per device. the frequencies used were selected based on evidence in the literature regarding the range that may be most beneficial for bone health, as identified in a previous review (6) . An earlier study by our group also reviewed the experiences of individuals with and without scI while using two of the devices included in this study and found that the range of frequencies used here was generally well tolerated, with higher frequencies being preferred (13) . For vibration platforms that had different amplitude settings (e.g., "low" and "high"), both conditions were used in turn and analyzed individually. For each combination of parameters, the vibrations produced were characterized by two types of sensors. A laser displacement measuring tool (LK-500, Keyence co, osaka, Japan) was used to measure the amplitude of vibration produced. three uniaxial accelerometers (3041A2, dytran Instruments Inc, chatsworth, cA, usA), one on top of the plate and two on the sides, were used to measure the peak acceleration of vibration (in this case the peak acceleration is the maximum reading obtained from the accelerometer in a given period of the vibration). A sampling frequency of 2,000 Hz was used for both recording devices. the actual frequency of vibration was also measured from the accelerometer data. The laser signals were filtered using a 5 th -order Butterworth band-pass filter with a pass band between 20 Hz and 60 Hz. For each set of parameters, recordings began 10 s after the platform was turned on to allow vibrations to reach steady-state, and lasted 10 s.
In order to evaluate the vibration platforms against the specifications specified in the Introduction, we examined for each platform the range of values observed over the 12 parameter combinations for the following 5 variables: (i) norm of the peak acceleration vector (including both vertical and horizontal components); (ii) vertical component of the peak acceleration vector; (iii) horizontal component of the peak acceleration vector; (iv) peak-to-peak amplitude of vibration; and (v) ratio of actual frequency produced to intended frequency specified on the peak acceleration and frequency data in table I were derived from the accelerometer data, whereas the amplitude data was obtained from the laser measurements. An example of the laser recordings is provided in Fig. 1 , which illustrates the trends observed for one vibration platform, the PowerPlate (low setting). note the decrease in amplitude as the frequency increases, as well as the increasing effect of load on actual frequency as the intended frequency increases. the general trend observed was that increasing the frequency of vibration increased the peak acceleration (as expected) but also decreased the amplitude of vibration, which should not be the case in a well-controlled vibration device. More concerning was the fact that the load also had a significant effect on the vibration parameters in all cases. Although the frequency of vibration may be fixed for a given research study, the load will always be a source of variability across subjects. the ratio of actual to intended frequency was not always well controlled, and the ratio was found to be affected by the load in most situations: the general trend was for the ratio to be closer to one in unloaded conditions, though this was not always the case. several devices did not produce the intended frequency even in unloaded conditions: ratios of up to 1.19 were observed in unloaded conditions, and the VForce, VibePlate, and Wave ProElite all deviated from the intended frequency by at least 5% in at least one unloaded condition (details not shown). In addition to variations produced by different load weights, Fig. 1 also clearly illustrates the fact that vibrations measured under no-load conditions can differ measurably from vibrations under loaded conditions. dIscussIon We examined the variability in vibration characteristics in a variety of commercially available vibration platforms, using laser and accelerometer recordings. Fig. 1 . Amplitude of vibration produced by the PowerPlate platform on "low" setting, for 4 different loads, when the intended frequency is set to 30 Hz (top), 40 Hz (middle) and 50 Hz (bottom). the dashed line shows the vibrations produced under a no-load condition and exhibits clear amplitude and frequency differences when compared to the loaded conditions. In each plot, the traces for the 4 different load conditions have been manually aligned at t = 0 to make phase differences easier to see. the peak acceleration of vibration was observed to vary greatly not only across platforms, but also within platforms. In addition, the horizontal component of the peak acceleration was not negligible in comparison to the vertical component for any of the platforms, suggesting that much of the vibrational energy is potentially being misdirected. this is a particularly interesting finding, given that the majority of all WBV studies have focused on the therapeutic effects of vertical vibration only. the actual frequency of vibration was also found to measurably deviate from the intended frequency in a majority of cases, the most notable exception being the Juvent platform where the actual and the intended frequency are the same. our results are in line with those of Pel et al. (14) , who also observed variability within and between 3 platforms as a function of load and frequency. our study adds to that of Pel et al. by virtue of the larger number of platforms investigated, as well as by the use of the laser measurement, which enabled us to quantify the amplitude of vibration much more accurately than can be done with accelerometers. our results also indicate larger deviations from intended frequency than what was reported by Pel et al., though this could be due to differences in the numerical precision with which the results were reported. the position paper published by Rauch et al. in 2010 (15) provides guidelines for the reporting of WBV studies. their recommendations include standardizing the terminology used for describing the vibrations, as well as ensuring that interventional protocols are reported in accordance with the consolidated standards of Reporting trials (consoRt) guidelines. Rauch et al. specifically highlight the need for investigators to measure the vibrations produced by the platforms used in their studies. We advocate adherence to these guidelines, with the additional recommendation that investigators take into account the fact the vibrations from a given platform can vary as a function of subject weight. Pilot measurements should therefore seek to quantify this variability.
In conclusion, our measurements emphasize the variability that exists in the vibrations produced by all of the major vibration platforms used in research studies. the weight of the subject can significantly affect the acceleration and amplitude of the vibrations delivered, as well as modify the actual frequency produced, and important differences exist between the various commercially available devices. Further, measurements obtained under noload conditions likely do not accurately represent the vibrations actually delivered to subjects. For this reason, rather than rely on manufacturer specifications, it is imperative that investigators studying the effects of WBV carefully characterize and report the vibrations actually delivered to subjects in their studies.
